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Aims Prospective studies have shown that social isolation (i.e. lack of social contacts) predicts incident coronary heart
disease (CHD), but it is unclear whether it predicts incident heart failure (HF) and what factors might mediate
this association. HF patients may be more susceptible to social isolation as they tend to be older and may have dis-
rupted social relationships due to life course factors (e.g. retirement or bereavement). We prospectively examined
whether individuals with higher vs. low social isolation have a higher incidence of HF and determined whether this
association is mediated by vital exhaustion.
Methods
and results
We estimated incident HF hospitalization or death among 14 348 participants from Visit 2 (1990–1992) in the Ath-
erosclerosis Risk in Communities (ARIC) study using Cox proportional hazard models which were sequentially
adjusted for age, race/study community, gender, current smoking, alcohol use, and co-morbidities. We conducted
mediation analyses according to the Baron and Kenny method. After a median follow-up of 16.9 person-years,
1727 (13.0%) incident HF events occurred. The adjusted hazard of incident HF was greater for those in the
higher vs. low social isolation risk group (hazard ratio 1.21, 95% confidence interval 1.08–1.35). Our data suggest
that vital exhaustion strongly mediates the association between higher social isolation and incident HF (the percent-
age change in beta coefficient for higher vs. low social isolation groups after adjusting for vital exhaustion was 36%).
Conclusion These data suggest that greater social isolation is an independent risk factor for incident HF, and this association
appears to be strongly mediated by vital exhaustion.
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Introduction
Heart failure (HF) is a complex disease which represents the
final common pathway for many diseases of the heart. HF affects
 6 million Americans, with US$37 billion in direct costs.1 It is a
major cause of morbidity and mortality and thus is considered
by policymakers as a high priority condition.2 –5 As the population
ages and therapeutic advances result in greater survival after acute
cardiac events, the incidence of HF will continue to rise.6
Social relationships affect the aetiology and prognosis of
cardiovascular diseases (CVDs),7 and extant research often
operationalizes social relationships through the concepts of
social support and integration. Social support refers to the quantity
and quality of resources (e.g. emotional, tangible, and information-
al) available through social interactions with others. Social integra-
tion reflects the number and types of social ties to others (e.g.
marital status, amount of family and friend contact, and group
membership). Although related, social support and integration
are distinct concepts with only moderate correlations.8 Social inte-
gration is thought to protect or enhance health by providing a
source of generalized positive affect which reduces psychological
distress, enhances one’s motivation for self-care, suppresses
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neuroendocrine responses, and enhances immune function.9 Con-
versely, lack of social integration (i.e. social isolation) is considered
a ‘stressor’, inducing a negative psychological state which can in-
crease neuroendocrine responses, suppress immune function,
and interfere with performance of health-promoting behaviours.
Over time, social isolation may lead to vital exhaustion, which is
defined by excessive fatigue, feelings of demoralization, and
increased irritability, and is considered an adaptation to prolonged
psychological distress.10 Vital exhaustion is conceptually related to
depression, and some studies report a correlation coefficient as
high as 0.76 between measures of vital exhaustion and depres-
sion.11 However, guilt and low self-esteem—key features of de-
pression—are largely absent among exhausted persons.12
Previous studies show a positive association between vital exhaus-
tion and incident cardiac events.13– 16
Social support and social networks have also been shown to
predict incident coronary heart disease (CHD) in five of eight long-
term prospective studies reviewed.17 Although important, CHD
causes only about half of the cases of incident HF in the general
population under age 75,18 so it is worthwhile also to examine
whether social relationships predict incident HF. However, few
studies have specifically examined the association between social
isolation and incident HF even though HF patients tend to be
older and may have disrupted social relationships due to life-
course factors, such as retirement and bereavement. Further,
little is known about the potential mediators of this association.
Vital exhaustion is one potential mediator of the association
between social isolation and incident HF. Therefore, the objectives
of this study were to: (i) prospectively examine whether individuals
at higher vs. low risk for social isolation have higher HF incidence in
the Atherosclerosis Risk in Communities (ARIC) study; and (ii) to
determine whether the association between social isolation and in-
cident HF is mediated by vital exhaustion.
Methods
The ARIC study is a prospective cohort study involving 15 792 adults
aged 45–64 years at the baseline visit (1987–1989). Participants were
recruited through population-based probability sampling from four US
communities: Washington County, MD; suburban Minneapolis, MN;
Forsyth County, NC; and Jackson, MS. Participants are contacted annu-
ally to obtain health updates and to ascertain vital status. Additionally,
participants underwent three triennial re-examinations, the last occur-
ring in 1998. Details of the ARIC study design and conduct have been
previously published.19 Institutional review boards at each of the par-
ticipating institutions approved the study.
Study population
Because details of social isolation and vital exhaustion were only col-
lected at the second clinic visit (1990–1992), we drew our sample
from the 14 348 participants who returned for visit 2. We excluded
1008 participants with prevalent HF prior to visit 2, which was
defined as: (i) answering ‘yes’ to the question, ‘Were any of the med-
ications you took during the last 2 weeks for HF?’; (ii) having stage 3 or
‘manifest HF’ by Gothenburg criteria or missing information needed to
define Gothenburg stage;20 or (iii) having an International Classification
of Diseases (ICD) 428.x code for a HF hospitalization prior to visit
2. We excluded 39 participants with ethnicity other than white or
black. Additionally, we excluded 44 black participants from the Wash-
ington County and suburban Minneapolis study communities since par-
ticipants were mostly white in these field centres (i.e. the majority of
the black participants were enrolled from the Jackson or Forsythe
County sites). We further excluded 262 participants with incomplete
data on social isolation, resulting in an analytic sample of 12 995.
Incident heart failure
We defined incident HF as the first occurrence of either (i) a hospital-
ization which included an ICD, 9th revision (ICD-9) discharge code of
428 (428.0–428.9) in any position (n ¼ 1206); or (ii) a death certificate
with a 428 ICD-9 code or ICD, 10th revision, I50 code in any position
(n ¼ 76). Incident HF was ascertained in the period following visit 2
until the date of HF hospitalization or death, the date of last contact
if the subject was lost to follow-up, the date of death from other
causes, or 31 December 2008, whichever came first.
Social isolation
We measured social isolation with the 10-item Lubben Social Network
Scale, a well-validated measure21,22 which assesses the size of one’s
active social network and one’s perceived support from family,
friends, and neighbours.23 The total score is an equally weighted
sum, with scores ranging from 0 to 50. Higher scores indicate a
greater degree of social integration and support. A score ≤ 20 is con-
sidered ‘socially isolated’; 21–25 indicates ‘high risk’ for isolation; 26–
30 indicates ‘moderate risk’ for isolation; and scores ≥ 31 indicate ‘low
risk’ for isolation.23 We examined the distribution of scores for each of
these four categories. We chose to combine the ‘socially isolated’,
‘moderate risk’, and ‘high risk’ categories into one group (i.e. moder-
ate/high/isolated) and the ‘low’ risk category serves as the referent
group.
Vital exhaustion
We assessed vital exhaustion using the 21-item Maastricht Question-
naire. We summed responses to obtain an overall vital exhaustion
score which ranged from 0 to 42, with higher scores representing
more exhaustion. A score of ≥ 14 is the suggested cut-off point for
a clinical diagnosis; its Cronbach alpha has been reported as 0.89.10
Covariates
We included the following potential confounding variables in our
models: demographic and behavioural characteristics, medical co-
morbidities, and medication use. Race/study community, gender,
educational levels, current alcohol use, and smoking status were self-
reported at baseline. We defined hypertension as diastolic blood
pressure of ≥ 90 mmHg, systolic blood pressure of ≥ 140 mmHg, or
self-reported antihypertensive medication use during the previous 2
weeks. We further defined diabetes mellitus as self-reported history
of physician-diagnosed diabetes or medication use for diabetes over
the last 2 weeks, a fasting serum glucose level of ≥ 126 mg/dL, or non-
fasting serum glucose of ≥ 200 mg/dL. We calculated and categorized
body mass index (BMI) as weight (kg) divided by height (m) squared.
CHD was defined as a history of myocardial infarction (MI), coronary
revascularization procedure, coronary artery bypass surgery, or the
development of any of these during follow-up. Detailed descriptions
of the procedures used to ascertain cardiac events have been reported
previously.19
Statistical analysis
We compared means, standard deviations (SDs), and percentages of
participant characteristics overall and stratified by low and higher
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social isolation risk groups. We used analysis of variance and x2 tests to
examine differences in means for continuous variables or in propor-
tions for categorical variables, respectively, by social isolation risk
groups. We used Cox proportional hazards regression analyses to es-
timate hazard ratios (HRs) and 95% confidence intervals (CIs) for the
association between social isolation and time to incident HF after se-
quential adjustment for potential confounding variables. We fit three
models. In Model 1, we adjusted for age, race/study community, and
gender. Model 2 adjusted for variables in Model 1 plus current
smoking and alcohol use. Model 3 included variables from Models 1
and 2 plus hypertension, diabetes, BMI, and prevalent CHD. We
tested the proportional hazards assumption for groups of social isola-
tion and all potential confounding variables by x2 tests and graphical
presentation based on Schoenfeld residuals. If the assumption was sig-
nificantly violated with certain variables, we conducted further analyses
stratified by those variables. The Kaplan–Meier method was used to
estimate cumulative incidence of HF over time, stratified by social iso-
lation group. We used the log-rank test to examine differences
between the curves. We also performed a sensitivity analysis to
examine whether incident CHD changed our results by adding CHD
as a time-dependent variable in the proportional hazards model.
We conducted a mediation analysis using the Baron and Kenny
method24 to examine whether vital exhaustion mediated the associ-
ation between social isolation and incident HF (Figure 1). Mediation
is commonly used in social psychology research and represents the
generative mechanism through which the focal independent variable
is able to influence the dependent variable of interest.24 In our analysis,
vital exhaustion must meet the following criteria to be considered a
mediator (Figure 1): (i) variations in the levels of the predictor variable
(social isolation) significantly accounted for variations in the presumed
mediator (vital exhaustion); (ii) variation in the mediator (vital exhaus-
tion) significantly accounted for variations in the dependent variable
(incident HF); and (ii) when paths in (i) and (ii) are controlled for, a
previously significant relationship between the predictor and depend-
ent variables was no longer significant, with the strongest demonstra-
tion of mediation occurring when the path articulated in (iii) was
zero.24 We used four regression models to estimate the relative
effect size needed to satisfy the four mediation criteria. We set statis-
tical significance at P ≤ 0.05 for all regression models. One approach
typically used to assess for mediation is to include the mediator in stat-
istical models with other potential confounders. Therefore, we
included variables from our fully adjusted model (Model 3) in the med-
iational model. We determined mediation with statistical significance
and changes in the magnitude of unstandardized regression coeffi-
cients, b, between Pathways 1 and 4 (Figure 3). We considered a per-
centage change of ≥ 15% in b for social isolation when vital exhaustion
is removed from the model as suggestive of mediation, while a
percentage change of ≥ 30% was considered as strongly suggestive
of mediation.25 Finally, we examined whether race/study community
modified the association between social isolation risk and incident
HF. We performed all analyses using SAS 9.2 (SAS Institute Inc.,
Cary, NC, USA) and R 2.13.0 (downloaded from http://www.
R-project.org).
Results
Table 1 lists baseline sample characteristics overall and stratified by
higher vs. low social isolation risk groups. From 1990 to 2008
(median 16.9 person-years), 1727 (13.0%) incident HF events oc-
curred. In our sample, 362 (2.8%) participants were ‘socially iso-
lated’, 733 (5.6%) were ‘high risk’, 1803 (13.6%) were ‘moderate
risk’, and 10 097 (76.2%) were ‘low risk’. Those in the moder-
ate/high/isolated group were slightly older, less likely to be
female, more likely to be black, more likely to have less than
high school education, and more likely to be current smokers.
The percentage of individuals with a vital exhaustion score of ≥
14 (indicative of a clinical diagnosis) was higher for those in the
higher social isolation risk group.
The Kaplan–Meier product limit estimates of the cumulative in-
cidence of HF are depicted in Figure 2. The unadjusted hazard of
developing incident HF is greater for those in the higher compared
with the low social isolation groups (HR 1.29, 95% CI 1.15–1.24).
Table 2 lists the adjusted HR of HF incidence by social isolation risk
group. Those in the moderate/high/isolated group had significantly
greater risk of developing HF in age-, gender-, race/study
community-, and educational level-adjusted analyses (Model 1,
HR 1.18, 95% CI 1.06–1.32). This association remained significant
after additional adjustment for current smoking and alcohol use
(HR 1.13, 95% CI 1.01–1.26), and for hypertension, diabetes,
CHD, and BMI (HR 1.21, 95% CI 1.08–1.35). Of note, when we
conducted the analysis using three categories of social isolation
(low risk vs. moderate risk vs. high risk/socially isolated), we
found qualitatively similar results, with the risk of incident HF in-
creasing as the risk for social isolation increases (data not
shown). The sensitivity analysis which included incident CHD as
a time-dependent covariate indicated that the HR for incident
HF changed by only 2%, from 1.21 (1.08–1.35) (Table 2, Model
3) to 1.23 (1.10–1.38), indicating that the effect of social isolation
on incident HF was not sensitive to the development of CHD in
our sample. Of note, race/study community did not modify the as-
sociation between social isolation and incident HF (data not
shown).
We examined whether the linear association between social iso-
lation risk and time to incident HF was mediated through vital ex-
haustion (Figure 3). The b for the unadjusted association between
higher social isolation and incident HF (Pathway 1) was 0.19 (P ¼
0.001). After adjusting for confounders and the potential mediator,
vital exhaustion (Pathway 4), the b was 0.12 (P ¼ 0.04). Therefore,
the percentage change in b for higher vs. low social isolation risk
after adjusting for vital exhaustion was 36%, which is strongly sug-
gestive of mediation. Since social isolation and vital exhaustion
were measured simultaneously and we could not assess direction-
ality of the associations, we also ran the analysis considering social
isolation as the potential mediator and vital exhaustion as the
Figure 1 Baron and Kenny mediational model of the concep-
tual relationships among social isolation (low risk vs. moderate/
high/isolated), vital exhaustion, and incident heart failure (HF).
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predictor. Although vital exhaustion was significantly associated
with incident HF, our data do not support the claim that social iso-
lation mediates the association between vital exhaustion and inci-
dent HF (data not shown).
Discussion
Few prospective studies have examined the association between
social isolation and disease incidence. Most studies have examined
mortality or have considered cross-sectional associations with
morbid conditions.26– 29 These studies have most often used mea-
sures of social isolation that captured numbers of close friends or
relatives, marital status, or group affiliation. We extended the
current literature by examining the association between social
isolation and incident HF among a US population-based sample
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Table 1 Characteristics of ARIC visit 2 participants (1990–1992) overall and by groups of social isolation (low risk vs.
moderate/high/isolated)
Overall sample




(n 5 10 097)
P-value
Mean age, years (SD) 56.9 (5.7) 57.1 (5.8) 56.9 (5.7) 0.047
Female, % 55.0 47.5 57.0 ,0.001
Black, % 24.0 27.4 22.6 ,0.001
Education, % , 0.001
Less than high school 21.1 24.4 19.8
High school graduate 41.6 40.8 41.9
Beyond high school 37.3 34.8 38.3
Current smoker, % 22.2 28.8 20.2 ,0.001
Current alcohol use, % 57.2 58.1 57.3 0.418
Coronary heart disease, % 4.7 4.9 4.7 0.660
Diabetes mellitus, % 14.1 14.3 13.9 0.579
Hypertension, % 34.0 34.9 33.4 0.147
Mean body mass index (SD) 27.8 (5.3) 27.6 (5.2) 27.9 (5.3) 0.003
Mean vital exhaustion score (SD) 10.1 (8.5) 12.6 (9.9) 9.4 (7.9) ,0.001
% with vital exhaustion score ≥ 14 29.6 40.0 26.4 ,0.001
Figure 2 Kaplan–Meier product limit estimate of the cumula-
tive incidence of HF over time by degree of social isolation (low
risk vs. moderate/high/isolated), ARIC visit 2 participants. CI, con-
fidence interval; HF, heart failure; HR, hazard ratio.
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Table 2 Hazard ratios (95% confidence intervals) for
the association between social isolation group (low vs.
moderate/high/isolated) and incident heart failure in the
ARIC visit 2 participants
Regression models Incident HF events
(n 5 1727; 13.0%)
HR (95% CI) P-value
Model 1a (n ¼ 12 976)
Low social isolation (ref) 1.00
Moderate/high/ isolated 1.18 (1.06–1.32) 0.003
Model 2b (n ¼ 12 967)
Low social isolation (ref) 1.00
Moderate/high/isolated 1.13 (1.01–1.26) 0.029
Model 3c (n ¼ 12 759)
Low social isolation (ref) 1.00
Moderate/high/isolated 1.21 (1.08–1.35) 0.001
CI, confidence interval; HF, heart failure; HR, hazard ratio.
aAdjusted for age, gender, race/study community, educational level.
bAdjusted for age, gender, race/study community, educational level, current
smoking, alcohol use.
cAdjusted for age, gender, race/study community, educational level, current smoking,
alcohol use, hypertension, diabetes, coronary heart disease, body mass index.
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of . 12 000 black and white subjects. Over a median follow-up
of  17 years, there were 1727 (13.0%) incident HF events. The
risk of incident HF was significantly greater among those with
higher social isolation risk compared with those at low risk, even
after multivariable adjustment. The association between higher
social isolation risk and incident HF appears to be strongly
mediated through vital exhaustion.
To our knowledge, no other population-based studies have eval-
uated the association between social isolation and incident HF. Our
findings suggest that social isolation is an independent predictor of
incident HF. Our HR of developing HF for those in the moderate/
high/isolated risk group compared with those in at low risk is 
1.21. Previous prospective cohort studies have examined the associ-
ation between social support or social integration measures and in-
cident CHD,17 and have demonstrated relative risks of incident CHD
ranging from 1.5 to 3.8.30–33 While our estimate of effect is weaker
than in previous studies, it is difficult to draw direct comparisons
since these studies varied in the measures used to assess social rela-
tionships and the outcomes were different.
The mechanism by which social isolation may cause incident
disease is not well understood, as previous studies have largely
focused on the impact of social relationships on prevalent
disease. There are two primary pathways through which social iso-
lation can influence the development of CVD: health behaviours
and neuroendocrine mechanisms.34,35 We conceptualized social
isolation as a stressor which induces a negative psychological
state (i.e. vital exhaustion—the result of prolonged psychological
distress) which negatively impacts health-promoting behaviours
and leads to incident HF. In our study, the effects of higher
social isolation on incident HF persisted after controlling for
known behavioural risk factors, such as current smoking and
alcohol use. Therefore, our data suggest that the major effect of
social isolation is not mediated solely by usual behavioural risk
factors. Our findings suggest that vital exhaustion may be a medi-
ating variable between social isolation and incident HF. Although
the biological mechanism linking vital exhaustion to adverse
cardiac events is not well understood, vital exhaustion is associated
with several metabolic, haemodynamic, and immune responses of
importance for the development and progression of CVD.36,37 It
is also plausible that neuroendocrine mechanisms may mediate
the relationship between social isolation and incident HF;
however, we did not have the data to test these mechanisms em-
pirically in our sample. Previous work suggests that lack of social
support is aetiologically related to the development of a coronary
artery lesion.34 Given that CHD is the cause of over half of the
cases of incident HF in the general population under age 75,18 it
was important to examine whether the association we found
between social isolation and incident HF was sensitive to incident
CHD. Our findings were robust to consideration of CHD as a
time-dependent covariate.
Our study findings should be interpreted in light of its limita-
tions. First, there may have been unmeasured confounders, such
as depression, anxiety disorders, or health services utilization,
that were not adjusted for in this analysis. The ARIC study did
not include validated measures of depression (e.g. Centers for Epi-
demiologic Studies-Depression, Beck Depression Inventory, etc.)
or anxiety disorders. Secondly, we cannot prove causality with
an observational study. It is possible that social isolation could
exert its effect on HF incidence through other pathways. Thirdly,
both vital exhaustion and social isolation were measured simultan-
eously, making it difficult to determine definitively the directionality
of the observed associations with incident HF. However, we
looked for but found no evidence that social isolation mediates
the relationship between vital exhaustion and incident HF. Finally,
we used HF hospitalization or death to assess incident HF. This
definition relies on coding practices and excludes milder HF
events which do not result in hospitalization or death and less
symptomatic cases of HF (stages B and C). It is possible that
some of the participants with incident HF already had an out-
patient diagnosis of HF before being hospitalized.
Despite these limitations, our study has several strengths. Fore-
most, we answered a novel research question; namely whether
social isolation independently predicts incident HF. To our knowl-
edge, we are the first to answer this question using population-
level data. Secondly, we utilized the strengths of the ARIC study,
including the population-based sampling method, a biracial
cohort, a large sample size which allows for increased precision
and simultaneous adjustment for multiple covariates, and a long
duration of follow-up which allowed us to examine long-term
risk. Finally, we used validated measures of social isolation and
vital exhaustion.
In summary, high social isolation was independently predictive of
incident HF hospitalization or death over a median follow-up of 17
years in a US community-based sample of blacks and whites. Vital
exhaustion appears to mediate this association. Our results con-
tribute to the literature on the effects of social relationships on
physical and mental health. If, as our data suggest, greater social
isolation is an independent risk factor for incident HF, future
studies should investigate the potential risks and benefits of screen-
ing for social isolation in patients at risk for HF. We need to better
understand the broader social context which shapes the develop-
ment and maintenance of social network ties in order to inform
interventions to reduce social isolation, since this and other
studies suggest the critical role that social isolation plays in the de-
velopment or worsening of CVD.
Figure 3 The mediational model showing the unstandardized
linear regression coefficients (b) for the direct and the mediated
pathways by which social isolation (low risk vs. moderate/high/
isolated) influences incident heart failure (HF).
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